Abstract. Six-color CCD photometry of 150 stars in the Vilnius photometric system down to V = 17.5 mag has been obtained in an area of the globular cluster M 92. The center of this area is 6 arcmin to the east from the cluster center, its size is 9.6x9.6 arcmin. A brief outline of the data pathway from observations to reduction via IRAF is described. Color indices of the cluster stars are compared with those of the field giants with similar metal-deficiency and the field blue horizontal-branch stars. We demonstrate the possibility of the Vilnius system to separate foreground stars from members of the globular cluster: eight stars are identified as solar metallicity G-K dwarfs of the foreground. Some discussion about standard stars in CCD photometry is given.
INTRODUCTION
Globular clusters offer a unique possibility to calibrate photometric systems in terms of temperature, luminosity and metallicity, since these parameters and interstellar reddenings of cluster stars are well known. Also, globular clusters contain the horizontalbranch stars of different temperatures and metallicities which are rather scarce in the solar neighborhood. Giants, subgiants, turn-off point stars and subdwarfs of various metallicities are also very important for the calibration of various color-magnitude diagrams in ages. Therefore we decided to observe the brightest globular clusters for the calibration of the Vilnius (Straizys 1992) and Stromvil (Straizys, Crawford & Philip 1996) photometric systems.
Stars of some globular clusters have been observed in the Vilnius system photoelectrically (Janulis 1984 (Janulis , 1986 Janulis & Straizys 1984; Zdanavicius 1992 , Janulis & Smriglio 1992 Vansevicius 1997) . However, only the brightest stars of clusters are accessible for photoelectric photometry with 1 meter class telescopes. Horizontal-branch stars can be reached only with a great difficulty and only in the closest globular clusters. CCD photometry offers a considerable increase in limiting magnitude and accuracy in comparison with ordinary photoelectric photometry. Our experience with CCD photometry in the Vilnius system passbands (Boyle et al. 1990a (Boyle et al. ,b, 1992 Smriglio et al. 1991) shows that with a 90 cm telescope the limiting magnitude can be as faint as 17 mag with relatively short exposure times. A review of CCD observations in the Vilnius system was published recently by Boyle et al. (1996) . This paper describes the first results of CCD photometry in the Vilnius system in the globular cluster M92 done with the 150 cm telescope of the Loiano Observatory.
OBSERVATIONS AND REDUCTIONS
The observations with six filters of the Vilnius photometric system (P,X, Y,Z, V,S) were done during three nights in May 1996 with the 1.52 cm telescope of the Loiano Observatory of the Bologna University. The U filter of the Vilnius system was not used because the transmittance of the CCD camera optics is too low in this spectral region (see Straizys et al. 1997) . The exposures were obtained with a cryogenically cooled camera containing a Thomson TH 7896A CCD chip with 1024x1024 pixels of 19 //m size, operating at -130° C. The CCD chip size corresponds to 9.6x9.6 arcmin in the f/8 Cassegrain focus of the telescope. The filters used are described in detail by Straizys et al. (1997) .
Some areas have been observed during two observing runs in 1996. Here we describe the results for one area in the globular cluster M 92 which was observed in May 1996. The center of this area is situated at 6 arcminutes away to the East from the cluster center (Fig. 1) . We expect that the majority of stars in this area are members of the cluster. The results for other areas in the same cluster will be published later.
The exposure times were following: 15 min in P, 7 min in X and 6 min in the remaining filters. Two or three exposures have been made in each filter. The CCD images were written on a disk in FITS format using the IRAF facility and then transferred to a 4 mm DAT tape. The data were reduced at the Institute of Theoretical Physics and Astronomy by A. Kazlauskas and A. K. Dasgupta using the crowded field photometry package DAOPHOT from IRAF in the point-spread function mode (Tody 1986 (Tody , 1993 Stetson 1987) . Flatfielding has been done using twilight exposures. After reductions, the instrumental magnitudes of the different exposures in the same filter were averaged. Instrumental magnitudes were converted to the standard Vilnius system using the synthetic color equations in the form:
where Y-V is the color index most sensitive to temperature. The coefficients b of these equations were calculated by the method of synthetic photometry, as the equations for color indices given by Straizys et al. (1997) . Their values for P, X, Y, Z, V and S magnitudes are given in Table 1 . Zero-points a of the equations were determined using the eight standard stars observed photoelectrically by Zdanavicius (1992) and Bartasiute (1997) with the 1 meter telescope at the Maidanak Observatory in Uzbekistan. The results of both authors for common stars were averaged. We also tried to determine the color coefficients b from the same observational data, however, the accuracy of the observed color indices was too low: the standard deviation of points from the mean line, having the slope 6, varies from 0.01 mag to 0.03 mag. The reasons for this low accuracy of photoelectric observations are: (1) they are too faint for high accuracy photometry with a 1-meter class telescope and (2) the backgrounds of these stars are too crowded by faint stars of the globular cluster.
RESULTS
We have determined magnitudes V and color indices P-V, X-V, Y-V, Z-V and V-S of 150 stars down to V = 17.5 mag. Stars with overlapping images in the crowded part of the area were excluded. The photometric data are available from the authors upon request. We are planning to publish them when the investigation of other areas of the cluster will be finished. The internal accuracy of different magnitudes can be estimated from the standard deviations from the average values of three exposures. For different magnitudes down to V = 16 mag the internal accuracy a is of the order of ±0.015 mag.
We have no possibility to estimate the external accuracy of our results since here are the first photometric observations of M 92 in the Vilnius system. Some estimate of the accuracy may be obtained by comparing our magnitudes V with the broad-band magnitudes V of the UBV system. Fig. 2 gives such a comparison of our magnitudes with those determined photoelectrically by Sandage & Walker (1966) and Sandage (1969) . The standard deviation is found to be about 0.03 mag which seems to be too bad for photoelectric and CCD photometry. Also, some trend of magnitude-dependence of residuals 8V is seen. At this time we are not able to explain these differences. It is not excluded that broad-band photometry can also contain some systematic errors. A comparison of different series of photoelectric photometry of globular cluster stars in the UBV system also shows a considerable scatter and systematic differences. We shall return to the accuracy problem in future papers of this series.
Some information on the systematic errors can be obtained from two-color plots for the cluster stars and the field stars of the same luminosity and metallicity. In the Vilnius system we have observations of many giants, subgiants, dwarfs and horizontal-branch stars of different metallicity (Straizys & Kazlauskas 1993) . Since M92 is almost unreddened, we must plot the field stars after dereddening their color indices. stars plotted by dots are the suspected foreground stars of solar metallicity seen in front of the cluster. In Fig. 1 they are marked by arrows. These stars were recognized both by their position in the Table 2 . Seven of them were suspected as non-members by Sandage & Walker (1966) . However, photometric classification of G-type stars is not very exact without the U-V color index. Table 2 gives the most exact classifications. Three of these stars are field K-dwarfs.
P-V, Y-V; X-V,Y-V and Z-V,Y-V diagrams (Figs. 3, 4 and 6) and by their photometric classification results given in
Let us look at these diagrams more carefully. The first two diagrams for late-type stars show considerable color excesses 6(P-V) and 8(X-V) caused by differential line blanketing. MDGs of the field overlap perfectly with the giant sequence of the cluster. This is the expected situation, if there are no systematic errors in the color indices. A large scatter of the cluster giants may be explained not only by observational errors but also by luminosity effects on P-V and X-V indices since the cluster sequence of giants and subgiants covers a considerable interval of absolute magnitudes at the same Y-V.
So, we may conclude that the giant sequences of the cluster and of the field are in satisfactory accordance.
In the diagrams Y-Z,Y-V (Fig. 5) and Z-V,Y-V (Fig. 6 ) G and K-type stars exhibit strong luminosity and metallicity effects due to the position of the Z passband on a spectral depression caused by crowding of absorption lines. Among them the strongest are Mgl triplet lines and a MgH absorption band. In metal-deficient giants this absorption feature is almost absent (see flux distribution curves in Bartkevicius & Sviderskiene 1981) . These two diagrams are extremely important for the identification of MDG stars in the galactic field. Interstellar reddening lines in these diagrams are almost parallel to the sequences of unreddened stars and therefore interstellar reddening does not interfere the photometric identification of MDGs.
In the V-S, Y-V diagram (Fig. 7) the stars of all luminosities and metallicities fall more or less on the same sequences, since both these color indices are temperature-sensitive and blanketing-free. Luminosity effects in this diagram are also insignificant.
BHB stars of the cluster on all two-color diagrams lie together with the field BHB stars and close to the main sequence. Fig. 8 shows the V, Y-V diagram of the area. The stars, suspected of being foreground stars, are plotted by dots. Fig. 9 shows the V, B-V diagram for the cluster plotted from photoelectric observations published by Sandage & Walker (1966) and Sandage (1969) . Both color-magnitude diagrams are similar, however, the BHB sequence is narrower in the diagram of the Vilnius system what is probably related to the higher accuracy of the photometric observations. This is one more indication of good internal accuracy of CCD photometry in the Vilnius system.
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DISCUSSION AND CONCLUSIONS
This paper gives the results of CCD photometry of stars down to 17.5 mag in tjie Vilnius system for an area in the globular cluster M 92. A mean internal accuracy of 0.01-0.02 mag is achieved. The positions of the majority of cluster giants and BHB stars in different two-color diagrams are in agreement with the positions of the field metal-deficient giants and BHB stars.
Some two-color diagrams in the Vilnius system make it possible to identify the foreground stars observed in front of the cluster. After identification, such stars can be classified photometrically in spectral and luminosity classes. In the investigated area we have found eight such foreground stars of solar metallicity. Without the U-V color index the classification of G-type stars is only approximate. Four stars with the most accurate classification are listed in Table 2 . 
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We cannot be satisfied with the present accuracy of transformation of instrumental CCD magnitudes to the standard system. For this, the accuracy of the magnitudes of the standard stars must be improved: their rms errors should be not larger than 0.01 mag. This accuracy for stars of magnitudes fainter than 12 mag can be achieved either by using telescopes with aperture larger than 2 meters or by using very sensitive detectors. The best solution is to apply the same CCD camera for a comparison of the investigated and the standard areas as it has been done many years ago in photographic photometry. However, this tying of the fields must use the methods for account of the atmospheric extinction developed for photoelectric photometry, such as the Bouguer or Nikonov methods. For this comparison only relatively bright stars of 12-14 magnitudes can be used. This will make an economic use of the observing time. These stars later on can serve as standards for magnitude determination for fainter stars in the same area. Another priority of the CCD technique against usual photoelectric photometry is the possibility to take into account real sky background since in the case of observations of stars through a diaphragm the background usually is contaminated by faint stars unseen by eye.
This problem of standard magnitudes is important for every photometric system, especially in globular clusters, where photoelectric measurements are always affected by variable sky background containing different amount of faint stars.
